Bam.H.1, a Type II restriction modification system from Bacillus amyloliquefaciensH recognizes the sequence GGATCC. The methylase and endonuclease genes have been cloned into E. coli in separate steps; the clone is able to restrict unmodified phage. Although within the clone the methylase and endonuclease genes are present on the same pACYC184 vector, the system can be maintained in E. coli only with an additional copy of the methylase gene present on a separate vector.
INTRODUCTION
BamBl is one of the most thoroughly characterized Type II restriction modification systems. It was originally identified as a classical restriction modification system operating in the genospecies of B. subtilis which prevented genetic exchange among heterologous strains (1) . Isoschizomers of the system have been found in a number of different strains of B. amyloliquefacicns (2) . The system recognizes the sequence GGATCC, with the endonuclease (TLBamBT) cleaving between the guanine residues on each strand, giving a 4 base 5' extension (3) . The methylase (M.BamHI) modifies the internal cytosine to give GGAT me CC (4) . Both proteins have been purified to apparent homogeneity and characterized (5, 6) . Many difficulties have been encountered in attempts to clone and stably maintain various restriction modification systems in E. coli. These often involve the interaction of the cloned system with E. coli functions, most notably the Mcr (Modified cytosine restriction) functions. It has been shown that most E. coli strains have functions that block the introduction of DNA containing heterologous cytosine methylation (7) (8) (9) . There are now two, designated McrA and McrB, for which the genes have been mapped, cloned, and extensively studied (10) (11) (12) Here we report the cloning of the BarnEl system, evaluate the sensitivity to Mcr restriction of clones containing the methylase gene, and investigate the system's interaction with the E. coli Dam methylation. We also demonstrate that when present in E. coli, the system will still function in its classical capacity, by restricting unmodified phage.
MATERIALS AND METHODS Bacterial Strains and Media
Bacillus amyloliqucfaciensK, now included in the New England Biolabs Strain Collection was originally supplied by F.E. Young. The E. coli strains used for cloning (RR1, HB101 and K802), and additional strains used in transformation studies (ER1378, ER1381, ER1398, ER1562, ER1563, ER1564, ER1565, GM271, and GM2163) are described in detail elsewhere (13) . For fermentation,.B. amyloliquefaciem was grown in TYE medium [tryptone (10 g/1); yeast extract (5 g/1); potassium phosphate, dibasic (4.4 g/1); sodium chloride (2 g/1); glucose (2 g/1)]. For DNA purification, B. amyliloquefacicns was grown in New England Biolabs' Luria Broth [tryptone (10 g/1); yeast extract (5 g/1); sodium chloride (10 g/1); glucose (1 g/1); magnesium chloride (1 g/1); pH adjusted to 7.5 with sodium hydroxide.] E. coli strains were also grown in Luria Broth, except during transformation experiments (last two sections of Results) where the E. coli were grown in Rich Broth (also called "Luria-Bertani Broth" in ref. 14) .
Media were supplemented with antibiotics (ampicillin (Ap), 100 fig/ml; tetracycline (Tc), 20 fig/ml; chloramphenicol (Cm), 37.5 /ig/ml) as required.
Plasmids and Phage
The plasmids pBR322 (15) , pACYC184 (16) , pUC8 and pUCl9 (17) were used for cloning. Plasmid DNA was prepared by the alkaline lysis method (18) or by the cleared lysate method (19) followed by CsCl/ethidium bromide ultracentrifugation (18) .
Plasmids carrying BamKl genes were named according to a previously described system of nomenclature (20) .
Phage stocks of A ol > and </>80 c (New England Biolabs collection) were prepared by plate lysates (18) . All phage dilutions were done in SM solution (18) .
Cloning Enzymes and Techniques
All restriction endonucleases were produced at New England Biolabs and used according to recommended conditions. J7tn<iIII-cleaved pACYCl84 and pUC19 vectors were treated with Calf Intestine Alkaline Phosphatase (Boehringer Mannheim) using conditions previously described (18) ; dephosphorylated 2ZiTi<niI-cleaved pBR322 was produced at New England Biolabs.
All ligations used 1000 units of T4 DNA Ligase (New England Biolabs) in a 100 fi\ reaction volume under recommended conditions.
Transformations employed the CaClj heat shock method (21) . For Southern hybridizations, E. coli DNA Polymerase I (New England Biolabs), DNAse I (Sigma), and T4 Polynucleotide Kinase (New England Biolabs or Boehringer Mannheim) were used.
DNA Preparation
B. amyloliqucfaciem DNA was purified by the following method: Cells were grown to saturation at 37° C in 500 ml of LB medium. The cells (approximately one g) were harvested, washed and resuspended in five ml of lOOmM Tris, pH8.0, lOOmM EDTA. For lysis, 0.5 ml of 2 mg/ml lysozyme was added and the suspension incubated for 15 min at 37°C. Then 14 ml of a solution of lOOmM Tris, pH9.0, lOOmM NaCl, 1% SDS was added, along with Proteinase K (Boehringer Mannheim), to a final concentration of 0.5 mg/ml. Incubation at 37°C was continued for one hr, followed by addition of 0.5 ml of a 10% SDS/8% Sarcosyl solution. The mixture was then heated to 55° C for 10 min The cell lysate was dialyzed overnight against two changes of one liter each of TE (lOmM Tris, pH8.0, 1 mM EDTA). The dialysate was diluted with one volume of TE and the chromosomal DNA subjected to CsCl/ethidium bromide ultracentrifugation. After ultracentrifugation, the CsCl and ethidium bromide were removed (18) and the DNA further purified by both phenol and chloroform extractions. The DNA was then dialyzed into and stored in TE. Approximately 0.5 mg of purified DNA was recovered from one g of cells.
DNA fragments from genomic and plasmid DNA restriction digests were gel purified as follows: 25-100 fig DNA cleaved with restriction endonucleases was subjected to electrophoresis on a 0.5% (genomic) or 1% (plasmid fragment) agarose gel (SeaKem LE) in Tris-Acetate buffer containing 0.5 /ig/ml ethidium bromide (18) . DNA was visualized under long-wave (375 nm) UV light. Appropriate fragments were excised from the gel and then purified using a Unidirectional Electroelutor (International Biotechnologies, Inc.) according to manufacturer's instructions. A yield of approximately 50% was usually obtained. Construction and Selection of B. amyloliauefaciensK Libraries B. amyloliquefaciens DNA was digested in four reactions, each containing one fig of DNA and a variable amount of .Hiniflll (10 units to 0.16 units in fourfold dilution increments). The reactions (50 /il) were incubated at 37°C for one hr, followed by heating to 65°C for 10 min. The digested DNAs were independently ligated to HindlWdeaved and dephosphorylated pBR322 at an insert to vector ratio of 3:1. The ligation mixes were each used to transform competent RRl cells and transfonnants were selected for Ap resistance. Transfonnants (approximately 10 s ) were pooled together and an aliquot used to inoculate 500 ml of LB broth. The cells were grown to saturation, the plasmids isolated and purified by CsCl/ethidium bromide gradient centrifugation.
A second library was made in a similar manner by cloning Nail fragments of B. amyloliquefaciena DNA into the Patl site of pBR322; RR1 transformants were selected for Tc resistance.
One fj.g of purified plasmid was digested with 80 units of R.BamHI under standard conditions. The digestion mixture was used to transform competent RRl cells, and then R.SomHI resistant plasmids were selected for by virtue of their Ap (Hindlll library) or Tc {Nail library) resistance. Plasmids were then isolated from individual surviving colonies and tested for resistance to BarriH.1 cleavage. Analysis of Methvlase and Endonuclease Activity A determination of in vivo methylase activity was made by passage of \ v i r or 08O C phage through the test host, using the method previously reported (20) but substituting BamBl for PaeR7 as the challenging endonuclease.
In vitro endonuclease activity was determined as described previously (22) except 0.5 fig of Patl linearized pBR322 was the substrate. Phage restriction tests were done using A ol > or 4>8Q C to measure in vivo endonuclease activity, as previously described (20) . BamKl Endonuclease Purification B. amyloliquefaciena cells were grown in a 100 liter fermenter to a concentration of 16 g/1 and then harvested with a Sharpies centrifuge and frozen at -70°C. These cells (400 g) were resuspended and thawed in 900 ml of ice-cold buffer S (10 mM KPO^, 10 mM fi -mercaptoethanol, 0.1 mM EDTA, 1 mM sodium azide, pH 7.4). The solution was subjected to several five minute periods of sonication. Cellular debris was removed by centrifugation at 26,000 x g in a Type JA-14 rotor (Beckman) for 15 minutes at 4°C. The supernatant (1000 ml) was removed and solid NaCl was added to a concentration of 0.5 M. Solid polyethylene glycol 6000 was slowly added to a concentration of 7.5 %. The solution was stirred at 0°C for 2.75 hours and then spun at 22,000 x g to remove the precipitate. The majority of the R_i?amHI activity was found in the supernatant.
The supernatant (1000 ml) was diluted with 2.5 liters of buffer S to reduce the NaCl concentration and was applied to a Pll phosphocellulose column (Whatman) (20.0 x 5.0 cm) equilibrated in buffer A (10 mM KPO4, 0.1 M NaCl, 7 mM B -mercaptoethanol, 10 % glycerol, pH 7.0) and washed with two volumes of buffer A. The column was developed with a two liter linear gradient from 0.1 M to 1.25 M NaCl in buffer A at a flow rate of 4.3 ml/min with 120 twenty ml fractions collected. Fractions were assayed for endonuclease activity on lambda DNA and the most active fractions (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) were pooled and dialyzed against buffer H (20 mM KPO4, 50 mM KC1, 10 mM 8 -mercaptoethanol, 0.1 mM EDTA, pH 7.1). During dialysis a precipitate formed and was removed by centrifugation at 14,000 x g for twenty minutes.
The endonuclease pool from above (120 mg protein-5 million units) was applied to a Heparin-Sepharose (Pharmacia) column (30 x 2.5 cm) which had been equilibrated in buffer H and washed with two volumes of the same buffer. The column was developed with a one liter linear gradient of 0.1 M to 1.0 M KC1 in buffer H at a flow rate of 2 ml/minute with ten ml fractions collected-. Fractions were assayed for endonuclease activity and the most active fractions (61-70) were pooled and dialyzed against buffer H.
A Pharmacia fast protein liquid chromatograph (FPLC) was used for the Pharmacia Mono Q and Poly CAT A columns.
The dialyzed active fractions from the Heparin-Sepharose (10 mg) were applied to a Poly CAT-A (Custom LC) column (5.0 cm x 0.8 mm) equilibrated in buffer C (20 mM KPO.1, 50 mM KC1, 10 mM 0 -mercaptoethanol, pH 7.0), washed with several column volumes of buffer and developed with a linear gradient of 110 ml from 50 mM to 900 mM KC1 at a flow rate of 0.5 ml/minute. The effluent absorbance was monitored at 280 run and one ml fractions were collected. The fractions were assayed for endonuclease activity and four fractions (21) (22) (23) (24) were found to contain the majority of the activity.
Fractions 21 and 24 from the Poly CAT-A column containing R.BamBl (2 ml) were diluted to 15 ml with buffer C and were absorbed to a Mono Q column (Pharmacia) and eluted with a 53 ml linear gradient from 100 to 900 mM KC1 at a flow rate of 0.5 ml/min with absorbance detection at 280 am. The R.BamKl activity eluted as a single peak coincident to a single UV absorbing peak at approximately 200 mM KC1.
Throughout the purification regimen, protein concentrations were determined by the dye binding assay of Bradford (23) standardized with bovine serum albumin.
Protein Sequencing and Synthesis of the Endonuclease Probe
Fifteen pg of protein eluent from the Mono Q FPLC was loaded directly onto a polybrene-coated, precycled, glass-fiber filter. The first 14 phenylthiohydantoins, with the exceptions of residues 9 and 10, were identified by high-performance liquid chromatography on an IBM Cyano (5 /im, 4.5 X 250 mm) column with slight gradient modifications from those previously described (24) . The sequential degradation of proteins was performed with an Applied Biosystems model 470A gas-phase sequenator using the vacuum chemistry (25) .
The protein sequence was used to derive a DNA sequence with minimum degeneracy (See Results). This septadecamer was synthesized using a DNA Synthesis Kit (New England Biolabs) and purified by chromatography on a Water Associates C8 (10 /xm, 0.5 x 10 cm) Radial Pak column.
Southern Hybridizations
One to two fig of cleaved genomic DNA or 0.5-1 /ig of digested plasmid DNA was subjected to agarose gel electrophoresis and transferred to nitrocellulose (Schleicher and Schuell) by the method of Southern (26) .
The methylase gene probe was prepared by gel purifying the 2.2 kb Hindlll fragment from pBamM7.5. One /Jg of the fragment was nick-translated (27) using 100 pmole [a-
32 P]dATP (New England Nuclear, 800 Ci/mmol). Hybridizations were performed at 65°C as previously described (18); washes were carried out at 55°C. For labeling the oligonucleotide probe specific for the 5' end of the endonuclease gene, 100 ng of the probe was phosphorylated (28) using T4 Polynucleotide Kinase and [7- 32 P]ATP (New England Nuclear, 3000 C./mmol). Hybridizations were performed by a method previously described (29, 30 ) at room temperature, followed by filter washes at 37°C. DNA Sequencing Sanger dideoxy sequencing (31, 32) was performed by a modification of the "collapsed plasmid" protocol (33) (34) (35) . All reactions utilized [a- 35 S]dATP (600-1200 Ci/mM, New England Nuclear) and were subjected to electrophoresis on 6-8% standard, "wedge" or buffer gradient sequencing gels (36) (37) (38) . Both strands in the region containing the 5' end of the endonuclease gene were completely sequenced using pBam0.4 and pBamM2.2 as templates, and primers synthesized on a Biosearch 8600 automatic synthesizer. Data were introduced into the computer utilizing a Grafbar Digitizer (SAC Corporation) and analyzed using computer programs from Cold Spring Harbor Laboratory (39) and the University of Wisconsin Computer Group (40) .
Mcr Tests
The following transformation regimen was used to make the Mcr tests performed with BamKI comparable to those done with other restriction systems at New England Biolabs. Test cultures were grown in duplicate and made competent by the CaClj method (21) . Then one y\ of the appropriate dilution of plasmid DNA was added to 50 fj.\ of competent cells (approximately 3 x 10 8 cells/ml). After 10 min on ice and three min at 37° C, 1.5 ml of Rich Broth was added and the transformation mix incubated for 20 min at 37°C. Following incubation, 0.1 ml of transformation mix and 0. In the Eindlll library, 112 individual plasmid isolates were tested for resistance to R.5amHI cleavage; five proved resistant. Total chromosomal DNA was isolated from these five E. coli clones and challenged with R-UamHI. Of these, only one contained DNA that proved resistant. This clone contained a plasmid with five separate Hindlll fragments and was designated pBamM7.5 ( Figure 1A) . Crude extracts of this clone did not show any R-BamHI activity.
In the Nsil library, after the ILBamHI challenge and retransfonnation, one clone was found in which both the plasmid and chromosomal DNA was resistant to R.2?amHI cleavage. This plasmid, designated pBamM8.5, had an Nsil insert of 8.5 kb that contained more than six ITindlll sites ( Figure IB) . Crude extracts of this clone also did not show any R.BamUl activity.
As shown in Figure 1 , no obvious similarities are evident in a comparison of the restriction maps of pBamM7.5 and pBamM8.5. Southern hybridization experiments showed the two plasmid DNAs hybridized to different restriction fragments of B. amyloliquefaciens genomic DNA; there was no hybridization between the two plasmid DNAs (data not shown). The results show that two different genes, each producing a methylase that is able to protect endogenous DNA from R.BamH.1 cleavage, have been cloned from B. amyloliquefaciens.
Methylase activity of the two M.Bam clones was compared using the in vivo A protection assay. A DNA from phage grown in RRl(pBamM8.5) cells were very weakly protected against ILBamEl cleavage; in A DNA from phage grown in RRl(pBamM7.5) cells the protection was more complete (data not shown). This suggests that cells containing pBamM7.5 have a higher level of methylase activity than those with pBamM8.5. Locating the Endonuclease Gene Using a Probe for the 5' Region of the Gene In all restriction systems that have been cloned and characterized to date the endonuclease and methylase genes are closely linked (for a review, see ref. 41) . Therefore an experiment was designed to determine whether either of the plasmids containing a BarnSl methylase gene included part (or all) of the endonuclease gene.
R.BamH.1 was purified from B. amyloliquefaciens cells as described in Materials and Methods. The purified protein ran as a single band of 22,500 daltons on an SDSacrylamide gel (data not shown); the size agreed well with that previously reported (5). It had a specific activity of 2 xlO* units/mg when determined on A DNA. This value is comparable to that found for other restriction endonucleases that have been purified to homogeneity at New England Biolabs (22; J. Banner, unpublished observations).
The endonuclease protein was sequenced as described above. The first eight amino acids are Met-Glu-Val-Glu-Lys-Glu-Phe-Ile. A mixed septadecameric probe which encoded this amino acid sequence was synthesized with the sequence: 5'-ATG-GAR-GTN-GAR-AAR-GA-3' (R, nucleotide A or G; N, nucleotide A,G,C, or T). The oligonucleotide probe was phosphorylated and hybridized to Southern blots of Hindlll digests of pBamM7.5 and pBamM8.5. The probe hybridized strongly to a 2.2 kb Hindlll fragment of pBamM7.5 ; the probe showed no hybridization to pBamM8.5 (data not shown).
It was therefore concluded that the methylase gene present in pBamM7.5 was the one that is a component of the 5amHI restriction modification system. Sequencing the 5' End of the Endonuclease Gene
The 2.2 kb Hindlll fragment was gel purified and cloned into pUC19 as shown in Figure 2A . Further mapping and hybridization experiments done with this fragment showed the olignucleotide probe to hybridize to the 400 base pair region between a Hindlll terminus and a unique Xm.nl site. The Xmnl -Hindlll fragment was cloned into pUC8 as shown in Figure 2B and its DNA sequence determined (Figure 3) .
Beginning 123 bases from the Xmnl site, the base sequence would perfectly encode the first fourteen amino acids predicted by the endonuclease protein sequence. However, 168 nucleotides from its start the open reading frame terminates. Therefore, only a truncated protein instead of the complete form of the endonuclease could be made in cells containing pBamM7.5. This surprising result is explained below.
Subcloning the Methvlase Gene
The BamB.1 methylase protein had previously been purified to apparent homogeneity and its size estimated at 56,000 daltons (6) . This means that it would be encoded by a gene approximately 1.5 kb in length. Preliminary Tn5 mutagenesis experiments on pBamM7.5 indicated that the methylase gene mapped to the same 2.2 kb Hindlll fragment as did the endonuclease-specific probe. A pUC19 vector carrying this fragment (designated pBamM2.2) was introduced into E. coli K802 cells and the clone tested for methylase activity by the A protection assay. DNA prepared from A phage grown on these cells were completely protected against R-BamHI cleavage; A DNA from K802 cells containing either pBamM7.5 or pBamM8.5 was only partially protected. The results suggest cells containing pBamM2.2 have higher methylase activity than either of the primary methylase clones.
When the 2.2 kb Hindlll fragment was cleaved at its unique Xmnl site, the 1.8 kb Xmnl -Hindlll fragment was also cloned into a pUC8 vector ( Figure 2B ). This construct (pBamM1.8), when introduced into E. coli K802 cells, also expressed high levels of M.flamHI, as shown by complete protection of A in modification experiments. The complete BomHI methylase gene must therefore be contained within the 1.8 kb Xmnl -fltndlll DNA fragment from pBamM7.5. is therefore not contiguous on the B. amyloliquefaciens H chromosome. The simplest explanation of the divergence between the pBamM7.5 restriction map and that of the B. amyloliquefacierusK chromosome is that the plasmid containing the complete BamB.1 system (plus additional DNA fragments) rearranged before or during its introduction into E. coli.
Cloning the BamKl Endonuclease Gene and Characterization of the Clone
The apparent DNA rearrangement within the BaniEl endonuclease gene during the initial cloning attempts suggested that the complete system could not be successfully introduced into E. coli in one step. Therefore a two step strategy similar to one previously used to clone the Ddel system was employed (42) . E. coli K802 cells were transformed with pBamM1. Orientation of the endonuclease gene, as determined from DNA and protein sequence, is given by the arrow within the box. DH001 clone, whose activity is shown in Figure 5 , contains both pBamRM5.0 and pBamM1.8 plasmids.
loliquefaciens DNA was digested with Hindlll, and fragments in the 5 kb size range were gel purified and cloned into pACYC184. The recombinant plasmids were used to transform E. coli K802 (pBamM1.8) cells. Transformants were selected for resistance to Ap and Cm by picking 350 transformants (in groups of 50) into microtiter wells (Nunc) and replicating each group onto two agar plates containing both Ap and Cm. Colonies from one plate of each group were pooled in LB Medium, resuspended in 0.5 ml of Sonication Buffer (50 mM Tris, pH8.0, 10 mM 0 -mercaptoethanol) and the crude extracts assayed for R-BamHI activity ( Figure 5A ). Endonuclease activity was found in one pool; individual colonies from this group were grown and crude extracts from each assayed for endonuclease activity ( Figure 5B ). One clone from the group was found to contain endonuclease activity. Plasmid DNA was purified from this clone (designated DH001) and analyzed. Two plasmids, pBamM1.8, the methylase plasmid, and pBamRM5.0, a pACYC184 derivative carrying the predicted Hindlll fragment were found. A restriction map of the latter plasmid presented in Figure 6 shows that it contains complete copies of bo;h the endonuclease and methylase genes. b CsCl purified preparations of pACYC184 (control) or DH001 extracts (containing pBamM1.8 and pBamRMS.O in a ratio of 10:1) were used for traniformationi.
C DH001 was treated with a twentyfold excel! of Nde I (which cuts only pBamM1.8). The DNA. wat repurified and concentrated prior to transformation.
cultures; DH001 cultures would only yield 5 g/1.
The DH001 clone was also tested for its ability to restrict unmodified A,,,,, and 08O C phage. Both phages were restricted to the level of 10~2, comparing the p.f.u. (plaque forming units) on DH001 cells to those on K802 cells carrying only pBamM1.8. This degree of restriction seems low considering there are 5 and 14 BaniEl sites on A,,, r and 4>S0 c DNA respectively, and may reflect the high levels of methylase found in cells relative to endonuclease levels. Ability of Intact BamJU. System to Transform E. coli Although the Bam&l system was cloned into E. coli in two steps it had not been demonstrated that a separate plasmid carrying an additional copy of the methylase gene was actually necessary. Therefore an experiment was designed to test this. K802 cells carrying pBamM2.2, pUCl9, or no plasmid at all were transformed with various concentrations of the DH001 plasmid preparations (containing pBamM1.8 and pBamRM5.0) and the transformants selected for Cm resistance (present on pBamRM5.0). The results are presented in Table 1 . The transformation efficiency is the highest in cells containing pBamM2.2. In K802 cells with no plasmid the efficiency is seventeenfold lower; transformants were only found from reactions where very high concentations of DNA were used, and the probability of transformation by both plasmids was high. All of these transformants had in fact been cotransformed by pBamM1.8. No transformants were found with K802(pUCl9) cells, presumably because pUCl9 had prevented the establishment of pBamM2.2. When the DH001 plasmid mix was treated prior to transformation with ,y<iel endonuclease, which cleaves pBamM1.8 but not pBamRM5.0, the results are more pronounced. In this case K802 cells with no plasmid produced no colonies, even with the highest concentrations of added plasmid extracts. Only those cells containing pBamM2.2 were successfully transformed.
In a separate series of transformation experiments using K802 cells and very low concentrations of DH001 plasmid preparation to prevent multiple transformation events, one clone was isolated which contained only a pACYCl84-derived plasmid. The clone exhibited neither Ba7nHI endonuclease nor methylase activity. Mapping and sequence analysis of the plasmid show that both genes had been completely deleted (data not shown).
These results clearly show that the unsupplemented SamHI system either cannot establish itself or be stably maintained in E. coli on our pBamRM5.0 plasmid. An analogous situation had previously been reported for the Ddel system (42, 43) . Experiments are now in progress to determine whether, in the flamHI system, the additional copy of the methylase gene is necessary for the establishment and/or the continued maintenance of the endonuclease gene in E. coli.
Effect of McrA and McrB on BcirnEl Methvlase Plasmid Transformations
Since M.BamHI is a cytosine methylase it was of interest to determine whether plasmids containing the methylase gene(s) are restricted in E. coli strains by either of the characterized Mcr systems. Preliminary experiments using the parental plasmid pBamM7.5 and also pBamM8.5 showed that they could transform McrA + McrB + cells with high efficiency. An experiment was done to determine if the same was true with GM2163 (pBamM1.8) , the same slow growth rate and poor yield of endonuclease was found with GM2163 as with K802 cells. Although it cannot be excluded that some interference between the two methylases occurs within E.coli cells, there is no evidence at present to suggest E.coli Dam" cells make superior hosts in which either to clone or to maintain the BamHI system.
DISCUSSION
BamHI is now the second restriction system (after Ddel) which has been cloned into E.coli by a two step procedure. It is impossible to say at present why these two systems, and not others, required this special approach. It does seem clear that in the case of .BamHI, that Dam methylation is not responsible. Analysis of the DNA sequence of the BamHI system, currently in progress, may provide some insight.
It had previously been shown that there are two different Bam methylase genes in B. amyloliquefacieru. Many strains of Bacillxu carry prophages that encode DNA methylases (47, 48) . One of these, recognizing the sequence GGATCC, has been cloned and characterized from an induced prophage (bacteriophage H2) of B.amyloliquefaciens (49) . It is probable that pBamM8.5 actually contains the phage methylase gene, but it has not been proven.
The question of McrB restriction of one and not the other of our two M.BamHI overproducing plasmids still remains unanswered. Although cells containing both plasmids produce high levels of M.BamHI by the A protection test, only pBamM1.8 is restricted in McrB cells. There is preliminary evidence that pBamM1.8 makes over tenfold more methylase than pBamM2.2 (J.E.B. and P. Nathan, unpublished observations); higher levels of methylation may be causing McrB restriction. However, even at lower levels Bam methylation affects E. coli cells. The parental plasmid, pBamM7.5, although not restricted by McrB cells, does induce the SOS response, suggesting that DNA damage is occurring (50) .
Why a higher level of M.BamHI should result in McrB restriction is still unclear. However, it is known that at high concentrations, M. BamHI methylates at noncanonical sites in vitro (6) . If the enzyme acts similarly in vivo, it is possible that in clones containing pBamM1.8, it is the methylation of the noncanonical sites that results in restriction. This is currently being investigated. The information gained from the cloned BamHI system should prove useful in understanding Mcr restriction as well as helpful in overcoming problems that have prevented the cloning of other restriction systems.
